bacitracin, colistin, and nalidixic acid as selective agents. This medium allowed B. gingivalis to be isolated from oral specimens with little difficulty and also allowed B. gingivalis to be isolated from phenotypically similar Bacteroides species, such as B. asaccharolyticus and B. endodontalis, with which it can easily be confused.
The species name Bacteroides gingivalis was proposed by Coykendall et al. (2) to accommodate certain brown-toblack-pigmenting organisms, formerly identified as B. asaccharolyticus, found in association with periodontal disease that were probably B. gingivalis (5, 7) . Members of the species B. gingivalis have been implicated in various forms of periodontal disease and may be associated with other diseases in humans (9, 17, 23) . Although B. asaccharolyticus and B. gingivalis are distinctly different in their DNA guanine-plus-cytosine content (moles percent, G+C) and DNA-DNA homology, their phenotypic characteristics are highly similar (9) . Considerable effort has been exerted by various investigators to develop practical, reliable techniques that aid in differentiating or identifying B. gingivalis and B. asaccharolyticus and other phenotypically similar Bacteroides species. Oral strains of B. asaccharolyticus have been reported to agglutinate sheep erythrocytes in contrast to isolates from nonoral sites which did not agglutinate sheep erythrocytes (16) . Fluorotec M, a polyvalent conjugate used in fluorescent-tagged antibody staining of B. asaccharolyticus and other Bacteroides sp., was found to be useful for detecting nonoral, but not oral, strains of B. asaccharolyticus (13) . Another report (10) described a rapid colorimetric test for trypsin and alpha-glucosidase which could be used to identify B. gingivalis from dental plaque. Additionally, as an aid in identification, B. asaccharolyticus colonies have been observed to fluoresce when exposed to a light source at 365 nm (19) .
Certain media, such as kanamycin-vancomycin blood agar (3), kanamycin-vancomycin laked-blood agar (18) , and anaerobe paromomycin-vancomycin blood agar (1) (22) . None of the strains we have tested grow on selective media containing vancomycin, and we have also noted that eight strains of B. gingivalis and nine strains of B. asac-charolyticus did not grow on phenethyl alcohol blood agar (3) or on several other selective media used in our laboratory.
Conversely, we have found that strains of B. gingivalis and B. asaccharolyticus grow adequately on Centers for Disease Control (CDC) anaerobe blood agar (3) and, surprisingly, on Columbia colistin-nalidixic acid-blood agar (4) . In this report we describe the development and evaluation of a new medium, B. gingivalis selective agar (BGA), which not only allows B. gingivalis to be selectively isolated from human oral specimens but also allows B. gingivalis to be separated from phenotypically similar Bacteroides species, such as B. asaccharolyticus and B. endodontalis, a recently described species (23) .
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used in this study are listed in Tables 1 and 5 Table 2 ) prepared in LD broth and streaked to obtain isolated colonies. The inoculated plates were incubated anaerobically as previously described for 48 h at 37°C. Quantitative recovery of B. gingivalis on BGA medium. To determine the quantitative recovery of representative strains of B. gingivalis on BGA medium and on BGA base medium containing no bacitracin, colistin, or nalidixic acid, four B. gingivalis strains were cultivated on anaerobe blood agar plates. These cultures were used to prepare turbid suspensions of the respective Bacteroides strains in LD broth. Serial 10-fold dilutions of these suspensions were prepared in LD broth, and 0.1 ml of the respective dilutions was transferred to plates of BGA and BGA base medium containing no inhibitors. The inoculum was uniformly spread over the surfaces of the plates with sterile bent glass rods. These plates were incubated anaerobically for 48 h, and colony-forming units were counted.
Effect of pH on activity of bacitracin. Aqueous solutions of bacitracin adjusted to pH 6.8, 7.0, and 7.3 were held at room temperature and ambient conditions and tested for antibiotic activity at weekly intervals for 1 month by a paper-disk agar-diffusion method. The test organisms used for this part of the study included B. melaninogenicus, B. intermedius, and two strains of B. asaccharolyticus.
Separation of B. gingivalis from B. asaccharolytitus. For these experiments, 1-ml volumes of CMG broth cultures of the respective B. gingivalis strains were transferred to separate test tubes containing 1-ml volumes removed from a CMG broth culture of B. asaccharolyticus. After thorough mixing, serial 10-fold dilutions were prepared in LD broth, and 0.1-ml volumes of the respective dilutions were spread on the surface of BGA plates and on plates containing BGA base medium without inhibitors. After incubating for 48 h, the plates with well-isolated colonies were observed under a light source at 365 nm (19) .
Isolation of B. gingivalis from saliva samples. To assess further the utility of BGA, 0.1-ml volumes of turbid LD broth suspensions of B. gingivalis A6609 and A7437 were added separately to two samples of human saliva. Serial 10-fold dilutions of these samples were prepared in LD broth; 0.1-ml volumes of the respective dilutions were used to inoculate BGA plates. After 48 h of incubation, the plates were carefully observed, and 2 to 3 isolated colonies resembling B. gingivalis (small, colorless, convex colonies approximately 1 mm or less in diameter) were removed from the BGA plates and subcultured on anaerobe blood agar to confirm viability of the isolates.
The identity of the pure culture isolates of B. gingivalis was confirmed by performing a battery of standardized tests. These included tests for relationship to oxygen, colony characteristics on blood agar, Gram-stain reaction, morphologic features, motility, flagella, fermentation of carbohydrates, reduction of nitrates, hydrolysis of esculin and starch, production of hydrogen sulfide, catalase, oxidase, indole, lecithinase, and production of volatile and nonvolatile organic acids.
Comparison of growth of a diverse spectrum of bacteria on BGA medium and ABA. Reference strains of various bacteria and fresh clinical isolates from crevicular fluid samples of patients with periodontal disease were tested for their ability to grow on BGA in comparison to growth on CDC anaerobe blood agar (ABA). Plates of BGA were divided into quadrants, and each quadrant was inoculated with 1.0-,ul volumes from turbid suspensions of the respective bacteria (see Table  5 ) prepared in LD broth and streaked to obtain isolated colonies. The inoculated plates were incubated anaerobically, as previously described, at 37°C for 48 h. After incubation, growth on BGA plates was compared with growth on ABA plates which had been identically inoculated and incubated. recovered from the samples of saliva was confirmed as B. gingivalis by the previously described battery of standardized tests.
RESULTS
Comparison of growth of a diverse spectrum of bacteria on BGA and ABA. The growth of 50 bacterial strains, representing 28 species, inoculated onto BGA and ABA is summarized in Table 5 . Nearly all of the organisms grew abundantly on ABA. All of the B. fragilis group, including B. distasonis, B. thetaiotaomicron, and B. vulgatis, grew equally well on BGA and ABA. Virtually all the bacterial types routinely found in crevicular samples from patients with periodontal disease, including individual or multiple strains of Actinobacillus actinomycetemcomitans, B. endodontalis, Capnocytophaga sputorum, Eikenella corrodens, Fusobacterium nucleatum, Haemophilus aphrophilus, and Leptotrichia buccalis, were totally or strongly inhibited by BGA in comparison to growth on ABA.
Morphologic features ofB. gingivalis on BGA and BGA base medium. Since it is known that some microorganisms exposed to certain antibiotics may show a change in morphology (6, 8) , the colony characteristics and morphologic features of representative B. gingivalis strains grown on BGA medium and BGA base medium without antimicrobial agents were compared. Colonies of B. gingivalis A7438 were slightly smaller on BGA than on BGA base medium; otherwise, no differences in colony features were observed with any of the B. gingivalis strains tested. Likewise, no differences were observed in cellular morphology or staining reaction in Gram-stained preparations from colonies on BGA and BGA base medium examined microscopically.
DISCUSSION
The prominent role emerging for B. gingivalis as an etiologic agent in periodontal disease (11, 12, 20, 21) and the similarity between the phenotypic characteristics of this organism and those of certain other oral Bacteroides species (4) is commonly used to inhibit aerobic and facultatively anaerobic gram-negative bacteria for the selective isolation of grampositive bacteria from mixed populations (14) ; however, data presented in this study have shown that colistin and nalidixic acid are noninhibitory for some Bacteroides species. Bacitracin, which is almost exclusively an inhibitor of grampositive bacteria, is particularly active against many oral species (15). Although this antibiotic was found to have a pattern of antibacterial activity desirable in a selective medium for B. gingivalis, there was initial concern that the instability of bacitracin under alkaline conditions might pose a problem, since BGA has a pH of 7.3. However, no detrimental effects of pH on the activity of bacitracin were found in our study.
Most of the microorganisms in the samples of saliva cultured did not grow on BGA, and those that did grow were easily distinguished from B. gingivalis because the colonies were usually larger than those of B. gingivalis, which were about 1 mm or less in diameter after 48 h of incubation.
Although the two strains of B. fragilis used in this study grew readily on BGA, our experience indicates that this microorganism is usually not found in crevicular fluid samples from patients with periodontal disease. In a recent report, Tanner et al. (21) made no mention of finding B. fragilis in oral specimens from patients with advanced periodontal disease.
B. gingivalis can be differentiated from B. asaccharolyticus because colonies of the latter species fluoresce under a light source at 365 nm (19) ; our successful use of this procedure is demonstrated by the data in Table 4 . However, in our experience, this procedure is somewhat limited unless there are isolated colonies on nonselective media. In the absence of a selective medium, B. gingivalis may be overgrown by actinobacillus, capnocytophaga, haemophilus, streptococci, fusobacteria, leptotrichia, actinomyces, and other bacterial types in subgingival dental plaque.
The BGA medium described in this paper should prove to be useful to microbiologists for isolating B. gingivalis from clinical materials containing mixed populations of microorganisms. Additionally, this medium should prove to be a valuable aid in clinical and epidemiologic studies to further assess the role of B. gingivalis in human disease and how this microorganism is acquired.
